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Since the early 19801s,the numbers of adult Atlantic salmon (Salmo salar)
returning to Maine's rivers have been in a general decline. In addition, estimates
of parr, freshwater smolt and emigrating smolt populations indicate low
overwinter survival rates. Overall, these low numbers, along with several other
factors, resulted in the Atlantic salmon in eight rivers in Maine being classified as
a distinct population segment under the Endangered Species Act. Because
many of the listed rivers are found near lowbush blueberry barrens, I investigated
the endocrine disrupting potential and effects of selected blueberry pesticides on
Atlantic salmon. An E-SCREEN assay was conducted to determine the relative
estrogen mimicking properties, measured by a relative proliferative effect, of the
most commonly used pesticides registered for use on lowbush blueberry.
Atlantic salmon (Salmon salai) pre-smolts of hatchery origin were
subjected to pulsed exposures of a mixture of pesticides at environmentally

realistic concentrations. For each of the two years of this study, pre-smolts were
subjected to a total of five weekly, 24 h pesticide exposures. In Year One, Velpar
(hexazinone), Orbit (propiconazole), and Super BK (2,4 Dichlorophenoxy acetic
acid) were tested. In Year Two, Orbit, Sinbar (terbacil), and lmidan (phosmet)
were tested. To evaluate the effects of the pesticides on smoltification, the fish
were periodically exposed to 24 h saltwater challenge tests (SWCT) to examine
the osmoreg~~latory
ability of the pre-smolts. Gill Na'/K"-ATPase activity, plasma
chloride concentration, hematocrit, vitellogenin presence, and plasma steroid
concentrations (estrogenlandrogen) of randomly selected smolts were measured
after the pesticide exposures and saltwater challenges.
Control group Atlantic salmon pre-smolts did undergo smoltification as
indicated by increased gill Na'/K'-ATPase activity and low mortality rates in
SWCT. Body length and weight of smolts was not affected by pesticide exposure
in either year. Significantly lower gill Na'/K+-ATPase activity was detected in
smolts during Year Two only after the second SWCT. Plasma chloride levels
were significantly different between control and exposed groups for both years,
but overall values in each treatment remained in expected ranges for freshwater
and saltwater portions of the study. Hematocrit values were within the normal
range in Year One, but in Year Two exposed fish had significantly higher values
than control fish after each pesticide exposure. Plasma steroid concentrations
did not significantly differ between groups for either year. Therefore, in spite of
multiple pulsed exposures to mixtures of blueberry pesticides calculated to be
above expected concentrations found in the environment, the results do not

support the hypothesis that the observed overwinter mortality of smolts and
reduced adult returns of Atlantic salmon are due to endocrine disruption by the
pesticides utilized in this study.
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INTRODUCTION

Atlantic salmon in eight rivers in Maine have been classified as a distinct
population segment under the Endangered Species Act. Documented returns of
sea run adult salmon to Maine (Table 1) show the decline of this species over the
past 23 years. Previous research (Magee eta/.,2001) showed that smolts in one
of these rivers (Narraguagus) had abnormally low gill Na'/K'-ATPase

activity and

reduced survival rates in saltwater challenge tests (SWCT), demonstrating that
they had impaired ability to osmoregulate in seawater. In addition, estimates of
parr, smolt, and emigrating smolt populations indicate a low overwinter survival
rate (FWS, 2000). The cause(s) of these low survival rates have not yet been
determined.
The Atlantic salmon is an anadromous fish with a complex life history that
includes several distinct life stages (Figure 1). Spawning occurs in November
and the deposited eggs mature over the winter months. In early spring, the eggs
hatch and the salmon begin their life in the freshwater environment. After
spending approximately two years in their native stream or river, parr undergo
the smoltification process to prepare for the marine environment (McCormick,
1987; Bjornsson, 1997). Studies have shown that salmon undergoing the parrsmolt transformation require specific conditions (especially with respect to water
temperature and pH values) to complete the process (Kroglund, 1999). In
addition, it has been shown that pre-smolts exposed to acidic water and
aluminum in the freshwater environment were unable to survive the transition to

Table 1. Return of sea run adult Atlantic salmon to traps and weirs in 2003 as compared to the
previous 23 years. Rivers in bold type are currently listed as Distinct Population Segment (DPS) rivers
(Keliher, 2003 and USASAC Report, 1999).
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Figure 1. Life Cycle of the Atlantic salmon (Salmo salar). U.S. Fish and Wildlife
Service.

a marine environment (Staurnes et a/., 1993; 1996). With a life history that spans
multiple aquatic environments, there are many factors that could be contributing
to the declining numbers of adult Atlantic salmon.
Many of the salmon rivers in Maine receive pesticide runoff from nearby
blueberry barrens. Nineteen chemicals are registered for use on lowbush
blueberries in Maine, including insecticides, herbicides, and fungicides (Dill et a/.,
1998). Some of these are potent neurotoxins that interfere with olfaction in fish,
causing impairment in homing ability and predator avoidance (Morin et a/., 1992;
Moore etal., 1996). Some may be hormone mimics that disrupt fish endocrine
systems (Waring et a/., 1997; Moore et a/., 2003). The herbicide, Velpar (active
ingredient hexazinone), has been detected in Atlantic salmon rivers year-round,
and recently the organophosphate insecticide lmidan (active ingredient phosmet)
was detected in both the Narraguagus and Pleasant rivers (Jackson et a/.,2003).
Hormone mimics, and their effects on the endocrine system, are a
relatively new area of concern and research. Early studies examined their
effects on estrogen receptors and binding activity (Lazier et a/., 1985). The
effects of l7P-estradiol injections on Atlantic salmon were tested by Madsen and
Korsgaard (1989). Research on pesticides and their possible roles as endocrine
disruptors have included both the pesticide DDT (Celius et a/., 1998) and the
compound 4-nonylphenol (Fairchild et a/., 1999). These studies indicated that
the major physiological parameters that may be affected by the presence of
hormone mimics are gill Na'/K+-ATPase activity and relative gill Na'/K'-ATPase
mRNA expression (Madsen etal., 1997). plasma chloride levels, hematocrit,

vitellogenin induction (Tyler et a/., 1999), and plasma estradiol and androgen
concentrations. All of these parameters are important in the smoltification
process. Disruption of any part of this process by estrogen mimics may
contribute to the decline in returning adult Atlantic salmon by reducing saltwater
tolerance, and delaying smolt development and downstream migration (Madsen
et a/., 2004).

I conducted this study in an effort to understand the extent that blueberry

pesticides occur in Atlantic salmon rivers in Maine, their endocrine disrupting
potential, and the possible role these contaminants might play in the
smoltification of Atlantic salmon. The study consisted of two components. First,
Narraguagus river sediment was collected and analyzed for the presence and
identification of blueberry pesticides. Then various pesticides commonly used on
lowbush blueberries were tested to determine their estrogenic potential. These
results were used to shape the second component of the study, which was the
testing of pre-smolts for the effects of pesticide exposure as they underwent
smoltification. Fish were periodically subjected to saltwater challenge tests to
determine the level of smolti.fication and effects of pesticides on osmoregulatory
ability. Survival rates and several different physiological parameters were
studied to assess the response of the fish to pesticide exposure. I hypothesized
that exposure to a mixture of pesticides used in lowbush blueberry production
would lead to a decrease in gill Na'/K'-A-TPase activity and reduced survival in
the saltwater challenge tests.

MATERIALS AND METHODS

Sediment collection

In July of 2001, 1 sampled Narraguagus River sediment to determine if
pesticides were present, and if so, in what quantity. The first sampling site was
on the upper end of the ~ a r r a ~ u a River
~ u s watershed, north of Route 9 at River
km 49.15 (Figure 2). The second site was collected north of Cherryfield, Maine
via Route 193 at River km 11.17. Access to the river was provided via the State
of Maine Little Falls Research Station. The final site was located in the town of
Cherryfield, Maine, adjacent to Route 193, at the Cherryfield dam (upstream of
the boat lal-~nch)at River Km 2.00. At each site, I collected three sediment grabs
(up to a 6" depth) from randomly selected areas with an Ekman grab sampler.
The sediment was stored in 250 mL clear, glass, precleaned jars (I-Chem brand
#V221-0250). All samples were held in a cooler on wet ice (approximately 4
hours) until returning to the University of Maine, where they were stored at 4°C
until analyzed for pesticide residues.
Sediment samples were analyzed for pesticide residues at the University
of Maine Food Chemical Safety Laboratory by Brian Perkins. Sediment samples
were oven dried at 95°C and then underwent a microwave extraction procedure.
Standard gel permeation chromatography (GPC) on an 0.1. Analytical GPC
AutoPrep 2000 was employed to remove high molecular weight interferences.
The resulting samples were then analyzed for pesticide concentrations via gas

Figure 2. Location of the Narraguagus River, Maine.

chromatography mass spectrometer detector (GC-MSD) and high performance
liquid chromatography with photodiode array detection (HPLC-PDA).
Sediment was analyzed using standard procedures modified by Perkins
for the presence of the following: malathion, chlorothalonil, diuron, terbacil,
propiconazole, methoxychlor, hexazinone, sethoxydim, clethodim, fluazifop-pbutyl. The first six pesticide residues were analyzed via GC-MSD and the last
four by HPLC. Additionally, there was no further clean up of the sediment
samples after the initial processing. The HPLC method encompassed the
following parameters: The HPLC System consisted of a Hewlett Packard 1050
diode array detector, quaternary purr~pand auto sampler equipped wi,th
Chemstation software. The column was a Columbus, 5

particle sizes- 4.6 x

150 mm (Phenomenex, Inc., Torrance, CA). Mobile Phase was 60140

(acetonitrilelwater) with a flow rate of 1.0 mumin and an injection volume of 50

pL. Wavelengths monitored were 250 & 270 nm. A mixed standard (analytical
grade pesticides standards, EPA Repository, Fort Mead, MD) was used to
identify and quantify peaks of interest. The HPLC and the phenomenex
spherisorb colurrln were used for hexazinone in water analysis along with a
hexazinone standard. The hexazinone analysis was accomplished under the
same conditions as the above, with the following exceptions: The column was a
Spherisorb with 5 p particle size - 4.6 x 250 mm (Phenomenex, Inc., Torrance,
CA), the mobile phase was 40:40:20 (acetonitrile:water:methanol) and the
wavelength monitored was 247 nni.

Pesticide Exposures

In vitro experiments

All E-SCREEN assays were conducted at the University of Maine by
Wendy Morrill. The E-SCREEN assay utilizes a human breast cancer (MCF-7)
cell line (Soto et a/., 1995). The cells were maintained in Dulbecco's Modified
Eagle's Medium (Invitrogen, Grand Island, NY) supplemented with 5% fetal
bovine serum (Hyclone, Logan, UT) in an atmosphere of 6.7% CO2I93.3%air
under saturating humidity, at 37OC. MCF-7 cells were plated into Falcon 12-well
plates at a concentration of 30,000-40,000 cellslwell. Test compounds were
added directly to the medium, at three different concentrations (10 pM, 1 nM and
10 nM) and the cells were incubated at 37OC for 5 days. Scoring of the
estrogenic effects of each xenobiotic was done by first measuring the
proliferative effect (PE), which is the ratio between the highest cell yield counted
with the test chemical to the yield of negative control cells (Soto et a/., 1995). PE
was then used to determine relative proliferative effect (RPE), which is calculated
as 100 times the ratio of the highest cell yield from the chemically-exposed cells
to cells exposed to 17P-estradiol (Soto et a/., 1995).
Estradiol is assigned an RPE score of loo%, and all test xenobiotics were
compared to estradiol. An RPE score of 100 to 50% indicates full to moderate
xenoestrogenic activity, 50 to 20% indicates partial activity, and a score of <20%
is accepted as having no activity. The experiments were repeated up to five

times per compound. Assay results that deviated more than two standard
deviations from average were not used in the RPE calculations (Soto et a/.,
1995). As of January 2004, all assays were counted using a Beckman Coulter
Counter ViCell. Accuracy was verified using a hemocytometer.

Whole animal experiments

The second part of this study was conducted at the Green Lake National
Fish Hatchery in Ellsworth, Maine. For the first year of this project, I used Velpar
(hexazinone), Orbit (propiconazole), and Super BK32 (2,4-Dichlorophenoxy
acetic acid) as the exposure pesticides because these compo~~nds
have been
corr~mor~ly
used in blueberry production (note: Super BK32 is no longer used in
blueberry fields), and had the highest estrogenic potential in preliminary EScreen tests. For the second year, to test additional compounds used in
blueberry production, I used Orbit, Sinbar (terbacil), and lmidan (phosmet). In
order to detect potential endocrine disruption effects, pesticide mixture
concentrations for each year were selected at a level higher than pesticides
concentrations normally found in the environment and by the river sediment
analysis results. Using published formulation data (MSDS), I calc~nlatedthe final
concentration for each pesticide mixture to be 1.0 m g l l of active ingredient of
each pesticide. The exposure tank was filled to an approximate volume of 757 L
(200 gal). Exposure tank water samples for analysis of pesticide concentrations

were collected approximately 15 minutes after the addition of the pesticide
mixture, and again at approximately 24 h post mixing.
In the water analysis of the initial and 24 h post mixing values for
propiconazole, 2,4-D, hexazinone, phosmet and terbacil, the following
parameters were utilized using standard procedures modified by Perkins: for
2,4-D analysis (direct injection with no sample preparation) the HPLC system
described above was used with a Prontosil 5p particle size 4.6 XI
50 mm column
(MacMod), the mobile phase was 350 mL water, 200 mL methanol, 200 mL
acetonitrile and 0.15 mL phosphoric acid. Flow rate was 1.0 mL/min with an
injection volume of 50 pL. The wavelengths monitored were 230 nm & 280 nm.
For propiconazole, hexazinone, phosmet, and terbacil in water, sample
preparation first consisted of a pass through a set of 50 mL methanol-activated,
solid-phase extraction cartridges (Strata SDB-L, Styrene-divinylbenzene polymer
[ I 00 pm, 260Al500 mgI6mL [Phenomenex, Torrance, CAI). The cartridges were
then dried under vacuum for 20 minutes and followed by an elution step using
ethyl acetate (saving the first 1.0 mL for GC-MSD analysis). The GC-MSD
(Agilent model 6890 GC with model 5973 MSD) conditions were as follows: the
column was a J&W HP5 MS, 30 M x 0.25 mm ID with 0.25 pm film thickness.
Injection volume was 2 pL at 250°C with helium as the carrier gas. Initial Flow
was 1.2 mUmin at 12.5 psi with a pulse pressure of 25.0 psi for 1.5 minutes.
Run time was seven minutes.
Penobscot strain Atlantic salmon one year pre-smolts were obtained from
the Green Lake National Fish Hatchery, Ellsworth, Maine. The tanks (both

holding and pesticide exposure) used for this study were light blue, square,
center drained, and fed with hatchery water, which is obtained from Green Lake.
This water is moderately soft with low ion content (Magee, 1999).
The pesticide exposure tank and control tank drain was sealed. After the
approximate necessary volume (for obtaining the correct pesticide concentration)
of water was added to each tank, the external water supply was shut off. A
submersible purrlp was placed into the center of the exposure and control tank
and connected to the spray bar. These pumps recirculated the tank water by
pumping the water through each tank's spray bar to provide aeration and water
movement. To prevent an excessive increase in tank water temperature over the
course of the 24 h exposure, a coiled hose was placed into each tank through
which hatchery water was passed at a maximum rate to cool the tank water. To
maintain a sufficient concentration of dissolved oxygen, an airstone was added to
both the control and exposure tanks. These airstones were supplied by a 65 Ib
tank of oxygen for the duration of the exposure. Fish were transferred by dip net
from their holding tank to their respective exposure tank. Control fish were
transferred to a tank that had the same setup as the pesticide exposure tank, yet
no pesticides were added. Observations of both exposed and control fish were
made throughout the study and any abnormal behaviors were noted. After the
24 h exposure period, fish were transferred by dip net back to their respective

holding tank. Water from the exposure tank was then pumped through a bed of
activated carbon to remove any remaining pesticides.

Salt water challenqe tests

Plastic 100 gal livestock watering tanks were utilized for each saltwater
challenge. Each tank was filled with 75 gallons of hatchery water, and Instant
Ocean (Aquatic Ecosystems, Apopka, FL) was added to bring the salt
concentration up to the standard ocean range of 31 to 33 parts per thousand
(ppt). A pump was installed on each tub to provide aeration. Coiled hoses with
flowing hatchery water were placed into each tub to regulate water temperature.
Finally, each tub was covered with netting to prevent smolts from jumping out.
For each of the two years, pre-smolts were subjected to a total of five, 24
h pesticide exposures, and three, 24 h saltwater challenge tests. Post pesticide
exposure or SWCT, randomly selected fish were lethally sampled for analysis. In
the first year (2002), the pesticide exposures occurred on March 14, 20, 28, April
3, and 11 with saltwater challenges occurring on March 24, April 2, and 10. In
the second year (2003), the pesticide exposures occurred on March 6, 13, 20,
27, and April 3, with saltwater challenges occurring on March 18, 25, and April 1.

Sampling procedures

After each pesticide exposure and saltwater challenge, any mortality was
'

recorded, along with observations of any abnormal behavior(s). Fish from each
tank were sampled in groups of 5, for a total of 10 fish per treatment per
sampling session. Smolts were anesthetized with buffered MS-222, at a

concentration sufficient to immobilize them within two minutes. Each smolt was
then placed upside down on a wet sponge. Using a pair of fine surgical scissors,
approximately 2-3 gill filament tips were cut from the second gill arch on the left
side. The filaments were then placed into a vial containing ice cold SEI buffer

(150mM sucrose, 10mM EDTA, 50 mM imidazole, pH 7.3; McCormick, 1993).
These vials were then immediately placed into a liquid nitrogen storage vessel.
The samples remained frozen in liquid nitrogen until transported to the University
of Maine, where they were transferred to a -80°C ultra low freezer for storage.
To withdraw a blood sample from the caudal vein, a 3 mL pre-heparinized
syringe equipped with a 25-gauge needle was used in conjunction with a preheparinized 1.5 mL microcentrifuge tube (MCT). The needle was inserted at the
base of the caudel fin at an angle of approximately 45". Once the vein was
found, the plunger of the syringe was slowly withdrawn to obtain the blood
sample. Once the rate of blood extraction had slowed, the needle was
withdrawn, removed from the syringe and disposed of in an approved sharps
container. The blood sample in the syringe was drained into an ice cold preheparinized MCT. From this tube, a subsample of blood was collected in two
100 pL hematocrit tubes and the ends of the tubes sealed with clay. The
hematocrit tubes were then spun at 3,000 g for three minutes, read on a
hematocrit tube reader, and the results recorded as percent of cells in the
plasma.
The remaining .blood samples in the 1.5 rnL MCT were also centrifuged at
3,000 g for three minutes. Once spun 50 pL of plasma was removed, transferred

to a screw cap tube, and then placed into liquid nitrogen. In the first year, a total
of four, 50 pL plasma samples were collected from each fish to be analyzed for
vitellogenin, androgen, estradiol, and plasma CI-. In the second year, a total of
three, 75 pL plasma samples were collected from each fish to be analyzed for
vitellogenin, estradiol, and plasma CI-. After sampling, each fish was placed in a
plastic bag and stored on ice. Upon return to the lab, each fish was removed
from the plastic bag and lerlgth (nearest mm) and weight (nearest g) were
recorded. Fish were then wrapped in aluminum foil and stored in a nondefrosting freezer.

Analyses

Gill Na'/K'-ATPase

activitv

The determination of gill Na+/K'-ATPase activity was made following the
methods of McCormick (1993). 1 analyzed gill tissue samples within seven
months post-collection date at the University of Maine. A microplate reader
(VERSAmax, Molecular Devices Corporation, SI-~nnyvale,CA) was used in this
analysis. All reagents were made at the time of analysis and all standard curves
and quality control procedures were observed. For the accompanying standard
protein analysis, a BCA Protein Assay Kit (Pierce Biotechnology, Rockford, IL)
was utilized following all of the manufacture's instructions. Both the ATPase and

protein assay were conducted at 25°C. The ATPase data analysis was done
with SOFTmax PRO v3.1.2 software from Molecular Devices.

Plasma chloride concentration

Analysis for plasma chloride concentration was done at the University of
Maine Senator George J. Mitchell Center for Environmental Watershed
Research. Each plasma sample was allowed to thaw at room temperature.
Once at room temperature, 20 pL of plasma was added to 10 mL of deionized
H20. One plasma sample per sampling date was diluted a second time, as a
replicate for quality control purposes, by adding 40 pL of plasma to 20 mL of
deionized H20. Each dilution was analyzed by ion chromatography on a DX 500
Ion Chromatograph (IC) system (Dionex Corp., Sunnyvale, CA) following
instrument manufacturer standard procedures.

Plasma vitelloqenin concentration

Plasma samples from each year were analyzed for vitellogenin (VTG) by
Wendy Morrill at the University of Maine (after Tyler et a/., 1999). The VTG
assay was conducted at 4°C to prevent proteolysis. Phenyl methyl sulfonyl
fluoride (PMSF) at ImM final concentration was added to all samples, followed
by 100 pL of primary Atlantic salmon Ab (AA-1 [Biosense, Norway], polyclonal
Ab, diluted 1:1000 in 1% PBS). The plate was incubated overnight and washed

three times with TPBS (Tween, PBS). After washing, 200 pL of 2% BSA in PBS
was added to the wells and allowed to stand for two to four hours. The plates
were washed again and then 100 pL of positive and negative controls, from
Biosense (diluted 1:3000 in 1% BSA in PBS) were added to the wells. The
plates were incubated overnight and washed once again. 100 pL of Ab (BN-5,
monoclonal Ab [Biosense] diluted 1:I
000 in 1% BSA in PBS) was added to each
well and incubated four to 24 h. The plate was washed and 100 pL of conjugated
Ab (goat-anti mouse [BioRad # I 70-65161 diluted 1:3000 in I% BSA in PBS) was
added to each well. The plate was then incubated four to 24 h and washed five
times with TPBS. After washing, 100 pL of fresh developing solution (15 mg of
0.4 mg/mL o-phenylenediamine [Sigma P46641, 37.5 mL dH20, 15 pL 30% H202)
was added to each well. After incubating for 20-30 minutes, the reaction was
stopped with 50 pL of 4N H2SO4. Finally, each plate was read for optical density
on a microplate reader at 492 nm.

Plasma steroid hormone concentration

The radioimmunoassay for plasma estrogen and testosterone
concentration was based on the method of Wingfield (1992), as modified by
Cash and Holberton (1999). For the first year of samples, both estradiol (E2) and
total androgen (T) concentrations were determined. Antibody used for these
assays was obtained from Endocrine Sciences, Calabasas, CA. For the second
year, or~lyE2was analyzed, using antibody obtained from Lab Vision Corp.,

Fremont, CA. Sample volume was 50 pL of plasma, with a minimum volume of
10 pL if restricted by total plasma available. Each plasma sample (10-50 pL)
was diluted with distilled water up to 200 pL. 20 pL of radiolabelled (

3 ~ approx.
,

2,000 cpm) estradiol or testosterone was added to each sample to determine the
percentage recovered from the plasma sample by the extraction procedures
used. Then, 4 mL of freshly distilled dichloromethane was added to each sample
and allowed to stand for at least two hours. The resulting dichloromethane and
extracted steroids layer was removed from each tube with a Pasteur pipette and
placed into a new tube. The dichloromethane was evaporated under nitrogen
gas in a water bath set at 37°C and the extract reconstituted with 550 pL of
phosphate buffer (pH=7). Replicates of each sarr~plewere set up using 200 pL
aliquots of the extract. To determine extraction efficiency (% recovery) of each
sample, 100 pL of extract was added to glass scintillation vials, .mixedwith 4 mL
of scintillation fluid (Packard Ultima Gold) and placed on the scintillation counter.
In addition to the extract replicates, a standard curve was set up for each
run of samples. The standard curve consisted of 12 pairs of tubes. The first pair
measured the total CPM expected from the amount of radiolabelled steroid to be
added to each sample without the presence of charcoal (300 VL buffer+100 CIL
labeled steroid without charcoal), the second pair (300 pL buffer+100 pL labeled
steroid) measured the non-specific (background) binding to components other
than the antibody as the result of the charcoal and the third (200 pL buffer+l00
pL labeled steroid+100 pL antiserum) was used to determine the maximum

amount of bindivg that could occur by the radiolabelled steroid to the fixed

amount of antiserum that would be added to each unknown. The remaining nine
tubes were a serial dilution of cold (commercially made, Sigma Chemical Co.)
steroid (100 pL buffer + 100 pL cold steroid + 100 pL labeled steroid + 100 pL
antiserum). Both the standard curve and extract replicates containing the 200pL
aliquots of the sample extracts, 100 pL each of the radiolabelled steroid and
antiserum were well mixed and allowed to stand overnight in a refrigerator at
< 5°C.

Unbound radiolabelled and endogenous hormone was removed by
incubation with 500 pL dextran-coated charcoal (12 min at 4°C) followed by
centrifugation at 2,000 rpm for 10 min at 4°C. The supernatant of each sample
was then decanted into glass scintillation vials containing 4 mL of scintillation
fluid. Each sample was counted on a Beckman LS6500 system for up to 10 rnin.,
or until 2% accuracy was reached. Samples were corrected for percent
recovery. The assay sensitivity (minimum detectable dose) was 1.853 pg. A
known standard sample was used to measure ir~tra-assayval-iation, and a
plasma pool sample was used to measure inter-assay variation.

RESULTS
Pesticide analysis

Sediment analysis for the three sampling sites on the Narraguagus River
produced no measurable pesticide residues at the detection limits available
(Table 2). Exposure water was analyzed for both years to determine the actual
pesticide concentration (Tables 3 and 4). For Year One, mean concentration and
range (initiall+24 h in nglg) of each pesticide was: Orbit = 4591253 and 2076081209-303, SuperBK32 = 3431283 and 183-4611246-332, Velpar = 91-4189.0
and 71.6-103170.7-104. For Year Two, mean concentration and range (initiall+24
h in nglg) of each pesticide was: Orbit = 5991384 and 529-6741340-461, lmidan
= 10.4313.30 and 1.31-20.3210.86-5.40, Sinbar = 4641442 and 403-5151374-492.

For both years, actual pesticide concentration was lower than the calculated 1.0
mglL of active ingredient.
The E-SCREEN assay was conducted on 22 individual compounds and
two mixtures. Methoxychlor is the positive control for the assay. The relative
proliferative effect (RPE) values (Ave ItSD) for the individual pesticides used in
Year One of this study were: Velpar = 15.5 % k7.6, Orbit = 16.5 % k6.2,
SuperBK32 = 10.5 % *4.9 and a mixture of all three (tested at a concentration of
0.5 ppm of each compound) was 15 % + I 0 (Table 5). These RPE values, since
they are below the value for Methoxychlor (18 % %10.6), indicate that both the
individual compounds and the mixture are negative for estrogen-like activity.

Table 2. Sediment pesticide residue detection limits.

Sample
Malathion
Chlorothalonil
Methoxychlor
Diuron
Terbacil
Propiconazole
Hexazinone
Sethoxydim
Clethodim
Fluazifop-p-butyl

POQ
(nglg)
5

LOQ = Limit of Quantitation

Method
GC-MSD
GC-MSD
GC-MSD
GC-MSD
GC-MSD
GC-MSD
HPLC
HPLC
HPLC
HPLC

Table 3. Year One Exposure tank pesticide concentration (nglg).

Sample
Exp.1, Oh
Exp. I , +24 h
Exp.2, Oh
Exp. 2, +24 h
Exp.3, Oh
Exp. 3, +24 h
Exp.4, Oh
Exp. 4, +24 h
Exp.5, Oh
Exp. 5, +24 h

Orbit/
SuperBK321 Velparl
2,4-D
hexazinone
propiconazole
207
288
85.2
236
260
88.3
547
183
98.1
239
293
93.1
428
43 1
71.6
209
332
70.7
503
354
99.2
303
246
104
608
461
103
*
*
278

* indicates analysis error-cannot quantify sample
Pesticide names are listed trade namelactive ingredient

Table 4. Year Two Exposure tank pesticide concentration (nglg):

Sample
Exp.1, Oh
Exp. I,
+24 h
Exp.2, Oh
Exp. 2, +24 h
Exp. 3, 0 h
Exp. 3, +24 h
Exp.4, Oh
Exp. 4, +24 h
Exp. 5, 0 h
Exp. 5, +24 h

Orbit/
lrnidanl
propiconazole phosmet
529
1.31
379
0.86
580
14.36
395
3.52
592
3.17
343
3.17
62 1
13.00
340
3.53
674
20.32
46 1
5.40

Sinbarl
terbacil
403
478
477
488
479
374
515
377
445
492

Pesticide names are listed trade namelactive ingredient

Table 5. Summary of the Relative Proliferative Effect (RPE) of compounds
tested by E-SCREEN Assay.
Test Compound

NAC

Velpar
Hexazinone
Orbit
Propiconizole
Super BK32
2,4 D acetic acid
lmidan 2.5EC
Phosmet
Sinbar
Terbacil
Mixture 1 (Velpar, Orbit, 2,4D)
Mixture 2 (Imidan 2.5EC, Sinbar, Orbit)

RPE (Ave + SD)

4
3
4
4
2
4
5
4
3
4
3
3

ClethodimDiazinon
Diazinon 50W
Fluazifop p butyl
Methoxychlor (1 nM)
Sethoxydim
Poast
Benomyl
Benlate
Glyphosate
Round Up
Carbendazim
NAC = number of assays completed
Table reprinted with permission from lnvestiqation of the Biolo~icalEffects of Anrochemicals by
Rebecca Van Beneden and Wendy Morrill, 2004.

For Year Two, the RPE values were: Imidan-2.5EC = 16.2 % k6, Orbit = 16.5 %
+6.2, Sinbar = 33 % +22.6 and a mixture of all three (tested at a concentration of

0.5 ppm of each compound) = 12 % +3.5.These RPE values indicate that
Imidan, Orbit, and the mixture are negative, whereas Sinbar is positive for partial
estrogen-like activity.

Physiology

Mortality

In Year One, at eight days post pesticide Exposure I,
there was one
mortality in the control group of fish, and at 19 days post exposure, there was
one mortality in the exposed group. The immediate causes of death are
unknown. In Year Two, there were no mortalities during the experiments. The
fish exposed to the pesticide mixture in Year Two exhibited mild lethargic
behavior after the first exposure. However, after return to control water, the
exposed fish seemed to partially recover as determined by a reduction in the
display of lethargic behavior. As the pesticide exposures continued, the lethargic
behavior continued in the exposed group. Other behaviors were noticed,
especially after the fourth pesticide exposure. These included swimming higher
in the water column, and brief losses of the ability to remain upright (with or
without external stimulus).

Length and weight

In both years, fish length and weight had similar distributions between
treatments (Figures 3 and 4). To determine significance in all figures, a general
linear model (ANOVA) was used with an additional post-hoc Ryan-Einot-GabrielWelch test.
The average length value (5 SD) for Year One was 19.4 +
.IIcm for
exposed smolts and 19.2 9 . 9 cm for SWCT smolts. The overall average body
length of all fish used in Year One was 19.3 +
.2Icm. There were no significant
differences in body length among groups used for any treatments except for post
Exposure 3 smolts. At this exposure, the control group had a higher mean body
length than the exposed group. In Year Two, the average length value (+ SD) for
exposed smolts was 19.3 +
.O
Icm and 18.8 +.O
Icm for SWCT smolts. The

.0
Icm. There were no
overall mean length of Year Two smolts was 19.2 +
significant differences between lengths of control and exposed smolts in Year
Two.
Average weights (5 SD) of smolts in Year One were 64.3 +
1.6
I g and 59.7

+I 1 g for exposed and SWCT fish, respectively. The overall average weight (+
SD) of all fish in year one was 62.4 512.9 g (Figure 5). Weights of control and
exposed smolts were significantly different on two dates. The first was after
Exposure 3 (control fish were significantly larger than exposed fish) and the
second was after Exposure 4 (exposed fish had a larger range of values than
control fish).
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Figure 3. Length of smolts over time for Year One.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. N = 10 for
each data point. * = significant difference between control and
exposed treatments (p<0.05, ANOVA and Ryan-Einot-Gabriel-Welch
Test).
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Figure 4. Length of smolts over time for Year Two.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. N = 10 for
each data point except SWCT 3 (n=9 [exp]). There were no
significant differences at any time (ANOVA, p>0.05).
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Figure 5. Weight of smolts over time for Year One.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. N = 10 for
each data point. * = significant difference between control and
exposed treatments (p<0.05, ANOVA, with Ryan-Einot-GabrielWelch Test).
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Figure 6. Weight of smolts over time for Year Two.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. N = 10 for
each sampling date.

For the second year, the average weight (2SD) was 68.3 +I1.5 g and 59.7 512.8
g for exposed smolts and SWCT sniolts, respectively. The overall average body
mass & SD) was 65.4 +I1.4 g (Figure 6). For this year, there were no significant
differences in fish weight among treatments.

Gill Nai/K'-ATPase

activity

For both years of the study, initial ATPase values clustered around 3 vmol
ADPlmg protein-'/hi' (Figures 7 and 8). In Year One, ATPase values increased
until the March 28 sample, then declined slightly thereafter. There were no
statistical differences between treatments except for the last two sampling dates,
when exposed fish had significantly higher enzyme levels than control fish. In
Year Two, noting the difference in dates between the two years of the study,
ATPase levels did not increase over time, and were generally lower than during
year one. Exposed fish had significantly lower ATPase levels than control fish at
SWCT 2, Exposure 4 and Exposure 5.

Date

Figure 7. Gill Na'/K'-ATPase activity of smolts over time for Year One.
ATPase units = pmol ADPImg protein-llhr-1 , Dashed line = minimum
Na'/K'-ATPase value for SW survival. Treatments = control (circle),
exposed (triangle). Arrows = salt water challenge tests, Vertical bars =
one standard deviation. N = 10 for each data point. * = significant
difference between control and exposed treatments (p<0.05, ANOVA,
with Ryan-Einot-Gabriel-WelchTest).
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Figure 8. Gill Na'1K'-A~~aseactivity of smolts over time for Year Two.
ATPase units = pmol ADPImg protein-llhr-1 , Dashed line = minimum
Na'1K'-ATP~S~value for SW survival. Treatments = control (circle),
exposed (triangle). Arrows = salt water challenge tests, Vertical bars =
one standard deviation. N = 10 for each data point. * = significant
difference between control and exposed treatments ( ~ ~ 0 . 0ANOVA,
5,
with Ryan-Einot-Gabriel-Welch Test).

Plasma chloride concentration

In year one, plasma CI- of smolts in hatchery water varied between 130
and 140 meq/L and that of saltwater challenge fish varied between 140 and 160
meq/L (Figure 9). There were no significant differences between control and
exposed fish except on March 28, when exposed fish had higher plasma Cl'than
control fish. Sirr~ilarresults were obtained in Year Two (Figure 10). There were
significant differences between control and exposed fish in fresh water on March
7, 14, and 21. Exposed fish had higher plasma CI'on the first two dates, and
lower on the third.

Hematocrit

In Year One, smolt hematocrit values generally were between 40 and 50%
on all dates and exposure conditions, and were slightly higher than the normal
range of 35-45% (Figure 11). There were no differences between exposed and
control fish except on April 10, when exposed fish were significantly higher than
control fish. The hematocrit reader used during this year was an older cylindertype model that was difficult to read.
In Year Two, I used a new flat card-type tube reader to increase accuracy.
Hematocrit values ranged between 35-45%, and were significantly higher in
exposed fish than in control fish in fresh water on every test date (Figure 12).
There were no differences between treatments in fish from any SWCT.
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Figure 9. Plasma Chloride concentration of smolts over time for Year One.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. Dashed lines =
ranges for freshwater (FW) and saltwater (SW) values. N = 10 for
each data point except Control (n=9), Exposure 1 (n=8 [exp]), SWCT 1
(n=9 [exp]). * = significant difference between control and exposed
treatments (pe0.05, ANOVA, with Ryan-Einot-Gabriel-Welch Test).
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Figure 10. Plasma Chloride concer~trationof smolts over time for Year Two.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. Dashed
lines = ranges for freshwater (FW) and saltwater (SW) values.
N = 10 for each data point. * = significant difference between control
and exposed treatments (p<0.05, ANOVA, with Ryan-Einot-GabrielWelch Test).
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Figure 11. Hematocrit Values of smolts over time for Year One.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. Dashed
lines = normal range for hematocrit values. N = 10 for each data
point except Exposure 3 (n=8 [con], n=8 [exp]), SWCT 2 (n=9 [con]),
Exposure 5 (n=9 [con]), SWCT 3 (n=9 [con], n=9 [exp]).
* = significant difference between control and exposed treatments
( ~ ~ 0 . 0ANOVA,
5,
with Ryan-Einot-Gabriel-Welch Test).
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Figure 12. Hematocrit values of smolts over time for Year Two.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. Dashed
lines = normal range for hematocrit values. N = 10 for each data
point except Control (n=9). * = significant difference between control
and exposed treatments (p<0.05, ANOVA, Ryan-Einot-Gabriel-Welch
Test).

Plasma vitellogenin concentration

Plasma samples from Year One were analyzed for vitellogenin expression
(Table 6). Blank values ranged from 0.002-0.004 OD at 492 nm. Positive cor~trol
(Atlantic salnion vitellogenin standard [Biosense]) values ranged from 0.3220.495 OD at 492 nm with negative controls values of 0.003-0.012 OD at 492 nm.
Experimental control samples had a similar range to the negative control
samples. No detectable difference was found between exposure group and
control group fish. The vitellogenin assay was not conducted during Year Two
because of the negative results obtained in Year One.

Plasma steroid hormone concentration

In year one there were no significant differences in estrogen concentration
of control and exposed smolts (Figure 13). Sampling date values for Exposure 1,
from the figure as they had values
Exposure 5 and SWCT 1 were on-~itted
exceeding the expected range for estrogen concentration (Lazier et a/., 1985).
In Year Two, plasma estrogen was significantly lower in exposed smolts
following Exposure 2 (Figure 14). During this one sampling date, the mean for
the exposed group was significantly lower than the control group.
Total plasnia androgen concentration was determined for Year One
samples only. There were no significant differences between control and
exposed smolts except for SWCT 2, where the control fish had lower androgen

levels than the exposed fish (Figure 15). During this one sampling date, the
mean for the control group was significantly lower than the exposed group.

Table 6. Vitellogenin ELlSA Results for Year One Smolts (2002).
All values are optical density (OD) at 492nrn

Treatment

Positive Negative
control control

Row Average

Sample Values

Control

0.357

0.004

0.005

0,001

0.006

0.005

0.002

0,011

Control

0.495

0.012

0.01 6

0.004

0.009

0.013

0.032

0.023

EXP I(con)

0.322

0.003

0.003

0.003

0.003

0.003

0.002

0.005

EXP I(con)

0.495

0.012

0.023

0.011

0.023

0.021

0.029

0.030

EXP 1 (exp)

0.495

0.012

0.033

0.015

0.050

EXP 2 (con)

0.467

0.006

0.004

0.009

0.005

0.004

0.003

0.001

SWCTl (con)

0.467

0.006

0.000

0.003

-0.007

0.001

0.002

0.002

EXP 3 (exp)

0.322

0.003

0.001

0.002

-0.007

-0.012

0.015

0.007

SWCT2 (exp)

0.467

0.006

0.004

0.002

0.007

0.007

0.007

0.004

EXP 4 (exp)

0.357

0.004

0.004

0.005

0.005

0.006

0.002

0.004

EXP 5 (exp)

0.322

0.003

-0.021

0.009

0.002

0.005

-0.010

-0.005

SWCT3 (exp)

0.357

0.004

0.005

0.008

0.003

0.001

0.003

0.010

0.001

0.002

-0.051

-0.100
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Figure 13. Plasma Estradiol concentrations of smolts over time for Year One.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. N = Control
(n=9), Exposure 2 (n=7 [con], n=9 [exp]), Exposure 3 (n=9 [con], n=7
[exp]), SWCT 2 (n=8 [con], n=7 [exp]), Exposure 4 (n=9 [con],
n=8 [exp]), and SWCT 3 (n=9 [con], n=9 [exp]). Note vertical axis
scale when comparing Figures 13 and 14.
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Figure 14. Plasma Estradiol concentrations of smolts over time for Year Two.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. N = 10 each
data point. * = significant difference between control and exposed
treatments (p<0.05, ANOVA, with Ryan-Einot-Gabriel-Welch Test).
Note vertical axis scale when comparing Figures 13 and 14.
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Figure 15. Plasma Androgen concentrations of smolts over time for Year One.
Treatments = control (circle), exposed (triangle). Arrows = salt water
challenge tests, Vertical bars = one standard deviation. N = Control
(n=4), Exposure 1 (n=5 [con], n=5 [exp]), Exposure 2 (n=3 [con],
n=3 [exp]), SWCT 1 (n=5 [con], n=5 [exp]), Exposure 3 (n=5 [con],
n=3 [exp]), SWCT 2 (n=3 [con], n=4 [exp]), Exposure 4 (n=5 [con],
n=5 [exp]), Exposure 5 (n=5 [con], n=5 [exp]), and SWCT 3
(n=4 [con], n=5 [exp]). * = significant difference between control
and exposed treatments (p<0.05, ANOVA, with Ryan-Einot-GabrielWelch Test).

DISCUSSION
Pesticide analysis
The sediment analysis indicated that there were no detectable pesticide
residues in the Narraguagus River at our sampling sites. Residues may still be
present in the river sediments, but at concentrations that would be below the
standard detection limits of the assay. These results, combined with the drift
studies of the Maine Board of Pesticide Control, suggest that pesticides are
reaching the river but are not binding to organic matter. Variation in the
concentrations of pesticide residues may still occur due to multiple factors that
include method of application, time of application, pesticide stability and weather
events. However, it can be concluded that Atlantic salmon pre-smolt and smolt
exposure to pesticides (except Velpar) in the Narraguagus river region most
likely occurs via pulse or short term versus a chronic long term exposure.
Therefore, using 24 h pesticide and SWCT appears to be the best method for
mimicking environmental exposures in a controlled laboratory setting.
Year One and Year Two exposure tank pesticide concentrations did follow
the expected pattern of reduced pesticide concentration after each 24 h exposure
period. This reduction in pesticide concentration may be due to the stability of
each pesticide. During the 24 h pesticide exposures tank water was aerated,
subjected to diffused sunlight (UV degradation), in contact with tank walls and
equipment, and available to the fish. These factors, along with the chemical

properties of the pesticides, explain the reduction in pesticide concentrations
observed for both years of the fish exposures.
The completion of the E-SCREEN analysis on a wide range of both
individual and mixed pesticides provided the RPE value (and thus the potential
endocrine disruption ability) of each compound. More recent research on
endocrine disruptors in Atlantic salmon (Fairchild et a/.,1999; Madsen et a/.,
1997, 2004) has focused on the effects of the compound 4-nonylphenol (4-NP).
This compound, when administered by injection, disrupted or delayed
smoltification. The experimental design for my study focused on pesticides that
were known to be applied to blueberry barrens or detected in the Narraguagus
river region. In summary, the RPE values of the pesticide mixtures used in this
study were classified as negative for estrogenic activity. However, each rr~ixture
was selected not only due to the RPE value but in consideration of actual usage
or previous detection in the study area.

Physiology

The pre-smolts used in the pesticide exposure portion of this study were
larger than the fish used by Madsen et a/. (1997, 2004). Their mean weight was
approximately 23-24 g compared to the ,fish used in this study that had a mean
weight of approximately 62-65 g. This size difference may explain the observed
reduction (through a mass specific dose mechanism) in the physiological
responses of the fish in this study. However, when compared to the referenced

studies by Madsen eta/. (1997, 2004), the control and exposed fish had similar
low mortality rates and the characteristic silvery smolt appearance. In addition,
there were no major differences in average lengths and weights in either year of
this study between control and exposed smolts.
One of the primary indicators of successful adaptation to a marine
environment in the Atlantic salmon is gill Na'1K'-ATPase

levels. Several studies

have shown ,that pre-smolts undergoing smoltification while exposed to 4nonylphenol or 17P-estradiol have a significant reduction in gill Na'1K'-ATPase
activity and hypo-osmoregulatory performance (Madsen et a/., 1997). The
general trend of the physiological effects of the pesticide mixtures, used in both
years of this study, on gill Na+/K'-ATPase activity did not exhibit the same
reduction reported by Madsen et a/. for other contaminants (1997). This may
reflect the low RPE values of the pesticide mixtures used, or the route of fish
exposure.
Year One smolts in this study during the time period of March 11-18 had
gill Na'IKI-ATPase levels of approximately 3 pmol ADPlnig protein"l hr -I.These
values continued to increase for both control and exposed fish until they reached
the peak of enzyme activity of approximately 7 pmol ADPlmg

hr

-'

around April 2. Enzyme activity then decreased after this time point until the end
of the exposures. This trend in enzyme activity (along with the previously stated
silvery appearance) suggests that the presmolts in both treatment groups in this
year's exposures were indeed undergoing the smoltification process. There were
few differences in ATPase activity between control and exposed fish in Year

One, and the one significant difference resulted when exposed fish had higher
enzyme activity, the opposite of the expected response.
In Year Two, exposure to pesticides started approxiniately one week
earlier than in Year One. This was to ensure that none of the pre-smolts had
begun the smoltification process prior to pesticide exposure. The initial gill
Na+lK+-ATPaselevels were approximately 4 pmol ADPlmg protein"l hr
values decreased slightly to below 3 pmol ADPlmg

-'.These

hr " and then

started to increase until peaking at approximately 4.5 pmol ADPImg

hr -

around March 4. -This peak was lower than the peak value observed for Year
One. Thus smolts in Year Two may not have reached their maximum gill Na'/K'ATPase levels during the time frame of this year's sampling. This delay could be
attributed to other non-experimentally controlled factors such as water
temperature variations or even duration of light exposure inside the hatchery
building.
In Year Two, exposed fish had significantly lower enzyme activity on three
occasions, indicating that the chemicals used in this portion of the study may
have been more estrogenically active than those used in Year One. It is also
possible that the earlier onset of exposures in Year Two may have increased the
effectiveness of the chemicals. However, all fish survived the saltwater
challenges, indicating that they were able to osmoregulate successfully despite
the reduced enzyme activities.
If exposure to pesticides truly impairs osmoregulatory ability, as reduced
ATPase activity would indicate, then the exposed fish should have lower plasma

CI- than control fish in freshwater, and higher in saltwater. In both years of the
study, however, exposed fish were able to maintain plasma Cl-within the normal
range of 120-140 meq c', and saltwater exposed fish were able to maintain
plasma CI- below 160 meqIL (Kroglund et a/., 2001). Although there were some
differences in plasma CI- between control and exposed fish during both years of
the study, these differences did not exceed the normal range, and thus for both
years, smolts exposed to the pesticide mixtures were able to successfully
complete the 24 h SWCT.
In contrast, previous work has indicated that transfer to saltwater induced
significant dehydration (determined by change in muscle water content) and an
increase in plasma CI-concer~trationsin Atlantic salmon smolts exposed by
. interperitonal injection to 4-nonylphenol and 17P-estradiol (Madsen et a/., 1997;

Waring eta/.,2004). In this study, the results indicate that for most samplings
and treatments, control and exposed fish had similar plasma CI-values. Thus
fish exposed to either pesticide mixture did not exhibit significant increases in
plasma CI-concentrationand therefore may not be experiencing the same
negative effects of pesticide exposure observed in previous studies.
Hematocrit is a measure of blood volume that is comprised of cells and
other solid components. One way hematocrit can change is by the shrinking and
swelling of cells. Values can fluctuate when there is osmotic stress and the smolt
is unable to regulate these effects. In hyperosmotic environments without
sufficient regulation, cells will shrink due to osmotic loss of water. In hyposmotic
environments, cells will swell up due to osmotic water influx. However, other

factors are known to influence hematocrit values in Atlantic salmon. Previous
work by Lacroix indicates that smolts emigrating from acidic rivers (with pH = 4.9
and 5.2) have hematocrit values above 50% with the smolt stage being more
sensitive than the parr stage (1985). Also, the presence of labile, inorganic,
monomeric aluminum at low pH significantly increased hematocrit levels in
treated groups above control groups (Staurnes et a/., 1993). Finally, varied
partial pressures (5.7 mmHg) of carbon dioxide were shown to increase
hematocrit levels in Atlantic salmon (Fivelstad eta/., 2003). Therefore if the
pesticide exposures utilized in this study were disrupting the smolts' ability to
control Na'IK' balance, hematocrit values would be expected to increase or
deviate from the normal range depending on the type of treatment.
Hematocrit values for this study had large standard deviations in Year
One. I believe this resulted from errors introduced while the tubes were read with
the cylinder-type tube reader. Overall, the hematocrit values for Year One were
slightly higher than the expected range. Year Two values analyzed with a new
reader had lower variability. Readings were within the expected range of 3545%, comparable to hematocrit values found in a previous study (Kroglund and
Stuarnes, 1999). Additionally, in Year Two, exposed fish had significantly higher
hematocrit values than the control fish after each pesticide exposure yet no
differences were detected after any of the SWCT. This would indicate that postpesticide exposure in Year Two, smolts were not able to regulate osmotic stress
at the same level as the control group. However, these significantly different
means did fall in the established freshwater range. This suggests that although

the exposed smolts were exhibiting signs of minor osmotic stress, they were able
to regulate their internal osmotic balance.
Induction and increased levels of plasma vitellogenin have been reported
for teleosts exposed to potential endocrine disrupting compounds (Ankley et a/.,
1997). In a recent study, plasma vitellogenin levels in smolts increased from
control values of approximately 0.005 mgImL to 4.0 mglmL for 4-nonylphenol
(120 1.1919 body weight) and I1.O mg/mL for E2 (2 pglg body weight) exposed
smolts (Madsen eta/., 2004). If exposure to the two pesticide mixtures was
causing an induction or increased levels of plasma VTG levels, an ELlSA assay
should detect the presence of vitellogenin. Therefore, a vitellogenin ELlSA assay
was conducted on Year One plasliia sarr~plesfor both control and exposed fish.
This assay provided optical densities of samples in comparison with positive and
negative solutions. This was not a quantitative test as the concentration of
vitellogenin could not be determined. The results of the assay showed that all
samples tested were similar to the negative control values with no samples
reaching the positive vitellogenin level.
Endocrine disrupting compounds can produce direct effects on
steroidogenic enzymes or indirect modifications associated with altered feedback
loops (Ankley et a/., 1997). One type of feedback and regulation that may occur
with endocrine tissue and hormone production is negative feedback. In this
study, the presence of xenoestrogens may act as a feedback signal to the
original endocrine tissue. Previous research indicates that plasma
concentrations of 17P-estradiol for Atlantic salmon range from 22 pg/mL to peak

values (during the vitellogenic phase) of 4-60 nglmL (Lazier et a/., 1985). Thus, if
one or more of the pesticides used in each year of this study were having direct
or indirect effects on plasma concentrations of gonadal steroids, there should be
significant differences between control and exposed treatment groups over time.
Year One estrogen and androgen concentrations do not exhibit any of the
expected significant differences. Year Two estrogen concentrations for exposed
fish decrease over time yet at the same rate as control fish. This decrease could
be a natural 'I:luctuation in circulating plasma steroid concentrations. Overall, the
actual concentrations of plasma steroids are in the expected range (above 22
pg1mL but remaining an order of magnitude lower than the ng/mL range).
Therefore, as treated groups did not have either significantly higher or lower
plasma steroid concentrations in Year One or Two than controls, the pesticide
mixtures were not producing a detectable pattern of disruption on plasma
concentrations of gonadal steroids. Several reasons for these results could be
,the relatively low RPE values of the pesticide mixtures (compared to 4nonylphenol [RPE = 100 at 1 pM]), the route of exposure (water versus injection),
and exposure time (24 h versus chronic).

CONCLUSIONS

Based on the data and experimental design in the present study, it seems
that common pesticides used on blueberry barrens in the Narraguagus river
region in Maine are not present above detectable limits in river sediment.
Atlantic salmon pre-smolts undergoing smoltification that were subjected to
multiple, 24 h pesticide mixture exposures and saltwater challenge tests did not
show significant indications of osmoregulatory or gonadal steroid disruption.
Therefore, exposure of smoltifying Atlantic salmon to pulsed concentrations of
blueberry pesticides does not support the hypothesis that the overwinter mortality
of smolts and reduced adult returns is due to endocrine disruption by the
pesticides utilized in this study.
Although I believe this study has provided some insight regarding the
underlying reasons for low adult returns of sea run Atlantic salmon, additional
research should be done on the issue of endocrine disruption. The majority of
recent scientific experimentation on this subject has been conducted using
injection of 4-nonylphenol and Atlantic salmon. New data provide evidence that
there may be more than just a few endocrine disrupting compounds (EDC)
present in the environment. RPE values can be calculated in a laboratory setting
but practical application of this knowledge must be applied to the real life
environment in which the animals of study reside. Future studies could
incorporate a chronic exposure approach to pesticides found on a continuous
basis in the environment. Researchers could also select compounds with high

RPE values to study the exact biochemical mechanisms and internal systems
affected by exposure to these particular EDCs. As new analytical methods and
assays are developed for detecting EDCs in the environment, they could be used
to study the full effect of EDCs in relation to the Atlantic salmon and its complex
life cycle. Therefore, as the effects of EDC become more prominent, research
needs to be conducted to fully realize the potential hazards of the overuse of
pesticides to both wildlife and humans.
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